Schistosomiasis is a neglected tropical disease caused by blood flukes (genus Schistosoma; schistosomes) and affecting 200 million people worldwide 1 . No vaccines are available, and treatment relies on one drug, praziquantel 2 . Schistosoma haematobium has come into the spotlight as a major cause of urogenital disease, as an agent linked to bladder cancer 1,3 and as a predisposing factor for HIV/AIDS 4,5 . The parasite is transmitted to humans from freshwater snails 1 . Worms dwell in blood vessels and release eggs that become embedded in the bladder wall to elicit chronic immune-mediated disease 6 and induce squamous cell carcinoma 7 . Here we sequenced the 385-Mb genome of S. haematobium using Illumina-based technology at 74-fold coverage and compared it to sequences from related parasites 8,9 . We included genome annotation based on function, gene ontology, networking and pathway mapping. This genome now provides an unprecedented resource for many fundamental research areas and shows great promise for the design of new disease interventions.
We sequenced the S. haematobium genome from 200 ng of genomic DNA template isolated from a single, mated pair (one male and one female) of adult worms, and produced 33.5 Gb of usable sequence data (Supplementary Note, Supplementary Tables 1-3, Supplementary  Figs. 1 and 2) . We consistently showed low sequence heterozygosity and estimated the genome size to be 431-452 Mb. We then assembled the data and used local assemblies to close most (96.1%) of the remaining gaps, achieving a final assembly of 385 Mb (365 contigs; N50 scaffold size of 307 kb) ( Table 1 and Supplementary Note). The GC content (mean: 34.3%) was similar to that of Schistosoma mansoni and Schistosoma japonicum ( Table 1) . After assembly, all usable reads were realigned to scaffolds to assess single-base accuracy of the assembled genome sequence. We did not find evidence of GC-biased nonrandom sampling 10 or of artifacts induced by multiple displacement amplification, a result that is consistent with published information 11, 12 (Supplementary Note, Supplementary Figs. 3 and 4) .
Comparison of the S. haematobium and S. mansoni genomes showed a similar percentage and composition of repetitive elements ( Table 1 , Supplementary Note, Supplementary Tables 4-6). Using both homology-based and de novo predictions, we estimated that 43% of the S. haematobium genome comprises repetitive elements, consistent with the S. mansoni genome (40%) 8 . More than half (58.5%) of the repeats were retrotransposons (at least 20 types, including LINE/ RTE-BovB and LTR/Gypsy); 37% were unknown repeats, including satellites (1.9%), simple repeats (1.2%) and DNA transposons (five types; <1%). On the basis of homology, de novo predictions and evidence of transcription (in adult and egg stages), we inferred 13,073 protein-coding genes from the genome and included data for S. mansoni and S. japonicum for comparisons (Supplementary Note, Supplementary Table 7 , Supplementary Figs. 5-7) . The number of S. haematobium genes was consistent with those of S. mansoni (13, 184) and S. japonicum (13, 469) , as were the gene structures. Most (9,714) S. haematobium genes were supported by the RNA-seq data from adult and egg stages. Comparative analyses of the complete gene set showed higher nucleotide sequence identity (mean 92%) and length match for individual coding domains between S. haematobium and S. mansoni than between S. haematobium and S. japonicum (nucleotide sequence identity 86%) or S. mansoni and S. japonicum (86%).
For the protein-coding genes (~4.4% of the S. haematobium genome), 96.3% had matches in nonredundant databases, 52.8% had conserved protein domains and 43% mapped to known biological pathways (Supplementary Note, Supplementary Tables 8-10, Supplementary  Fig. 8 ). These data allowed 44% of genes to be classified by Gene Ontology (GO) terms, providing a list of terms that was consistent with S. mansoni and S. japonicum. A small percentage (2.6%) of S. haematobium genes was predicted to encode excretory-secretory (ES) proteins in the egg (Omega-1 and interleukin-4-inducing protein)
Whole-genome sequence of Schistosoma haematobium l e t t e r s and/or adult (including cathepsin B, heat-shock proteins, thioredoxin peroxidase, superoxide dismutase, protein disulfide isomerase and venom allergen-like proteins) 13, 14 . High-stringency genetic networking of the entire genomic data set identified major hubs of connectivity for conserved molecules associated with nucleotide and protein synthesis and degradation and with signal transduction (Supplementary Note, Supplementary Tables 11 and 12, Supplementary Fig. 9) .
A genome-wide analysis revealed a significantly higher synteny between S. haematobium and S. mansoni (89.4%) than between S. haematobium and S. japonicum (51.7%) or S. mansoni and S. japonicum (67.0%). When compared to the S. mansoni genome, there were approximately four times more intrachromosomal rearrangements in S. japonicum than in S. haematobium (for a scaffold length of >1 Mb) (Supplementary Note, Supplementary Tables 13 and 14, Supplementary Fig. 10 ). These findings are consistent with present knowledge of schistosome evolutionary relationships 15 and karyotypes 16 . Given the close relationship between S. haematobium and S. mansoni and the size and quality of the draft genome for S. mansoni 8 , we aligned S. haematobium to S. mansoni scaffolds that mapped to chromosomes (2n = 16; ZZ) 17 . Overall, rearrangements in S. haematobium with respect to S. mansoni were rare, with 11 inversions of syntenic blocks linked to five chromosomes (nos. 1, 3, 4, 6 and Z) (Fig. 1, Supplementary Note, Supplementary Fig. 11 ).
Of the proteins shared between S. haematobium and S. mansoni (n = 1,333) or S. japonicum (235), (Supplementary Note, Supplementary Supplementary Fig. 12 ); although these molecules contained structural elements such as α-helices and β-sheets, none of them was similar to any presently known eukaryotic proteins or contained conserved motifs. Of the 10,880 proteins common among S. haematobium, S. mansoni and S. japonicum, we identified 6,142 homologs in other flatworms, including Fasciola hepatica, Fasciola gigantica, Clonorchis sinensis and Opisthorchis viverrini. Using concatenated protein sequence data inferred from a subset of 59 single-copy gene homologs (Supplementary Note, Supplementary Tables 17 and 18), we were able to provide a robust inference of the genetic relationships of socioeconomically important trematodes, in which S. haematobium and S. mansoni were most closely related, followed by S. japonicum, to the exclusion of other trematodes (Fig. 2) . The relationship of the schistosomes was in accordance with previous studies using mitochondrial and/or nuclear DNA markers 15 . The present phylogenetic analysis extends our understanding of the evolution of key trematodes, and the l e t t e r s approach used provides a sound basis for future, large-scale evolutionary analyses when extensive genomic and transcriptomic data sets become available for a wide range of flatworms.
Having assessed genetic relationships, we then proceeded to explore transcription in the adult and egg stages of S. haematobium, which cause disease in the human host (Fig. 3, Supplementary  Note, Supplementary Tables 19-22 ). The number of transcribed genes was greater in adult females (10,002) and males (10,559) than in eggs (7, 794) . Egg-enriched transcription was observed for 1,631 genes, including those encoding venom allergen-like and CD63 tetraspanin-like proteins (reported to be transcribed exclusively in the miracidium of S. mansoni) 18 as well as two encoding CP391S-like egg proteins. Adult-enriched transcription was shown for 2,975 genes, of which 965 were significantly upregulated in females and 2,010 in males. These findings are similar to those of recent microarray studies of S. mansoni and S. japonicum 18, 19 , although our interpretation is guarded, at this stage, as the animal hosts for parasite production and analytical methods differed among studies. Indeed, given the substantial depth of the present RNA-Seq data set (compared with microarray), we were able to accurately profile enriched biological pathways in the different stages and sexes of S. haematobium that clearly reflect its biology (Supplementary Note, Supplementary Fig. 13 ).
Notable in the adult female, which lives within the gynecophoric canal of the male, is a major enrichment in pathways linked to hematophagia (including superoxide dismutase, saposin, cathepsin B and ferritin) and egg production (including lipid metabolism, protein synthesis and eggshell-specific proteins), whereas the pathways enriched in the adult male (pertaining largely to myosin, paramyosin, tropomyosin and troponin) relate to its strong need to maintain a highly developed musculature for motility, feeding, attachment and grasping the female in copula. In contrast, pathway enrichment in the egg stage relates predominantly to egg-specific proteins and a secreted glycoprotein that induces immunoglobulin-E-dependent production of interleukin-4 Figure 2 Genetic relationship of Schistosoma haematobium with other members of class Trematoda. S. haematobium was related to trematodes (for which genomic or transcriptomic data are available) using Bayesian inference (BI) analysis of amino acid sequence data inferred from 59 single-copy genes. The topology of this tree is the same as that achieved using maximum parsimony (MP) analysis. Nodal support was absolute (100%/100%) for each branch. Branch lengths represent the numbers of amino acid substitutions per site in aligned postions. npg l e t t e r s in basophils and is probably related to immune modulation or alteration in the host, as has been proposed for S. mansoni 20 . Having explored transcription, we then constructed an interaction network for all genes inferred to be essential and transcribed constitutively or in a developmentally regulated manner in S. haematobium. We prioritized six molecules ( Fig. 3 and Supplementary Note, Supplementary Table 23) as prime targets for the design of new trematocides. Although a small number of drug targets was predicted in S. haematobium using the very stringent selection criteria in our bioinformatic pipeline, all 72 candidate drug targets inferred previously for S. mansoni 21 were represented in the S. haematobium proteome.
Schistosomes have adapted to their mammalian hosts to such an extent that they can survive for decades in a host without succumbing. They achieve their longevity by suppression, diversion and alteration of immune responses 22 . Chronic infections induce key changes in immune-cell populations, including a dominance of the T helper type 2 (T H 2) cells and a selective loss of effector T-cell activity, against a background of regulatory T cells, alternatively activated macrophages, and T H 2-inducing dendritic cells 22 . Much of the immunomodulatory capacity of schistosomes is attributable particularly to ES products 23 . In the S. haematobium proteome, we identified 55 molecules (20 of which were predicted to be ES proteins) with known immunomodulatory roles in other helminths (Supplementary Note, Supplementary Table 24 ). These include molecules linked to inhibition of antigen processing and presentation via binding (Sjc23 tetraspanin), cleavage (cysteine and serine proteases) or inhibition of post-translational modification (cystatins) of host immunoglobulins; known inducers of T H 2 responses (IPSE-α-1, ω-1, peroxiredoxin and Sm16 (also called SmSLP or SmSPO-1)); and host-defense mimicry molecules (such as C-type lectins). Interestingly, we also identified a homolog of estradiol 17β dehydrogenase (Supplementary Note, Supplementary Table 24) , which has a known role in the synthesis of estradiol. Intriguingly, S. haematobium ES products downregulate apoptosis and stimulate wound healing, mitosis and cell migration. All of these are expected to be conducive to tumorigenesis, in which one or more estradiollike molecules have been implicated 24 . Even though homologs of 17β dehydrogenase exist in S. mansoni and S. japonicum, the specific spatial and temporal expression associated with the synthesis of estradiol-like molecules in S. haematobium eggs in situ, in the bladder, might contribute to carcinogenesis, warranting detailed exploration. Moreover, in spite of the limited proteomic differences among schistosomes of humans, substantial variation in splicing 25 , differential methylation 26 , regulatory RNAs 27 and other epigenetic processes is probable. These are areas that can now be tackled readily using genome information for these schistosomes.
Much remains unknown about the fundamental biology and pathogenesis of schistosomes, which cause considerable morbidity to many millions of people and animals worldwide 1, 28 . Given the challenges in propagating these parasites, particularly S. haematobium, in the laboratory 29 , the ability to sequence the genome from a single pair of worms represents a important step in characterizing the genomes of a diverse range of other schistosomes and neglected tropical disease pathogens, including food-borne flukes, and toward addressing fundamental and controversial questions regarding their genetics, evolution, ecology, epidemiology, pathogenesis and host-parasite relationships. The genome provides a solid foundation for future large-scale and integrated studies of gene function and essentiality, using tools such as RNA interference and transgenesis 28 , and will also facilitate urgently needed proteomic explorations. Published findings 30 show that developmental stages of S. haematobium can be manipulated genetically and that effective gene silencing can be achieved, which now provides enormous scope for future large-scale functional genomic analyses. Unlocking the molecular biology of this and related disease pathogens of global importance will offer new insights into schistosome development, host-parasite affiliations, disease and schistosomiasis-associated bladder cancer, and will underpin the design of new diagnostic tools, anti-schistosome drugs and vaccines. 
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